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(57)Abstract: 

PURPOSE: To provide a semiconductor which has a multi layer 
interconnection structure whose occupied area of a contact part between top 
and bottom wiring patterns is suppressed and whose reliability is improved 
and provide the production for the semiconductor device. 
CONSTITUTION: On a substrate 1, a first wiring layer 2.,whose bottom 
plane.is almost flat and is provided with a recessed pail 5 on the -surface is 
fome4, andean insulating -layer 3 which covers the surface of the first wiring 
layer 2 is formed on the first wiring layer 2. The insulating layer 3 is provided 
with a thro^ughjhole A J*nd,a second-wiring layer 6 is connected to the surface 
of the recessed part 5 of the 'first wiring layer % through the toough-hole 4v As 
for the production of the semiconductor device, the recessed part 5 is formed 
by etching after etching the through' hole 4. ; 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to a semiconductor device and its manufacture technique. In detail, in a 
semiconductor device, it is related with the connection technique during the wiring by which a multilayer interconnection is 
carried out on both sides of an insulating layer. 
[0002] 

[Description of the Prior Art] Multilayer-interconnection technique multilayers the wiring in an integrated circuit, integrates a 
circuit element efficiently, and is important technique in connection with detailed-izing and high integration of a semiconductor 
device in recent years. 

[0003] In multilayer-interconnection structure, in order to secure the electric insulation during a different wiring, a layer 
insulation layer is prepared. And in order to obtain the electrical installation during an up-and-down wiring, a breakthrough 
(contact hole) is prepared in this layer insulation layer, and up-and-down wiring patterns are connected to it through this 
breakthrough. f 

[0004] An - important thing is the reliability of the coverage in the breakthrough of the upper wiring layer, and the connection 
between vertical wiring layers in the interlayer connection in this breakthrough. The process flow of connection of the vertical 
wiring pattern in the multilayer-interconnection structure by the conventional technique is shown in drawing 6 - view 8 . 
[0005] In drawing 6 , the wiring patterns 2 1 of the 1 st layer, such as aluminum (aluminum) and W (tungsten), are formed on the 
substrate 20 in which the insulating layer was formed on the front face, the layer insulation layer 22 is formed on it, and the 
laminating of the resist mask layer 24 which has the opening pattern 23 on it further is carried out one by one. And the layer 
insulation layer 22 is etched by the isotropic etching by Freon system gas, and as shown in drawing 6 , a cross section forms the 
opening 25 used as a wine cut. 

[0006] Next, in drawing 7 , by the anisotropic etching by Freon system gas, the layer insulation layer 22 is made to penetrate the 
contact hole 26 further, and the front face of the wiring pattern 21 of the 1st layer is exposed. In this case, depth dimension 11 of 
the opening 25 of a wine cut configuration Depth dimension 12 of the contact hole 26 For example, it is adjusted so that it may 
become a fixed ratio called 5:5 or 6:4. 

[0007] Next, in drawing 8 , after removing the resist mask layer 24, the wiring patterns 27 of the 2nd layer, such as aluminum, are 
formed. The wiring pattern 21 of the 1 st layer and the wiring pattern 27 of the 2nd layer are connected through the contact hole 
26. The ****** of the contact section and a reliability improve by presence of the opening 25 of a wine cut configuration. 
[0008] 

[Problem(s) to be Solved by the Invention] In the proior art mentioned above, since the layer insulation layer 22 was etched into 
the wine cut configuration, a part for opening was extended greatly and the inclination was attached by isotropic etching, although 
the coverage and the adhesive power of the 2nd-layer wiring pattern 27 were secured, the opening dimension of the wine cut 
opening 25 on it becomes large rather than the opening dimension of the contact hole 26. 

[0009] The opening pattern of the contact hole actually made though for example, a resist pattern is designed by 0.8 micrometers 
spreads in about 1.5 micrometers, and this serves as the failure of high integration. 

[0010] Therefore, if wiring width of face becomes narrow and a wiring density becomes high like [ in the case of 64MDRAM ], 
dimensional additional coverage to perform isotropic etching for adhesive power and a reliability improvement at the time of 
contact hole formation will be lost. If a contact is formed by force, the shortage of adhesive power will arise or a poor contact will 
be produced. 

[0011] Since it could not but come to enlarge width of face of the contact section of the 1 st layer and the 2nd-layer wiring in order 
to prevent these, there was a problem which is referred to as adding a limit to high-density-izing. 

[0012] It is in the purpose of this invention offering the semiconductor device which stopped the occupancy area of the contact 
section between vertical wiring patterns, and improved the reliability in the multilayer-interconnection structure of a 
semiconductor device, and its manufacture technique. 
[0013] 

[Means for Solving the Problem] In the semiconductor device of this invention, a concavity is prepared in the 1st wiring layer, it 
considers as a connection, the 2nd wiring layer enters into the concavity of the 1st wiring layer, and both are connected. By doing 
in this way, the contact area of the 1 st wiring layer and the 2nd wiring layer is expanded, and the reliability of a connection is 
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raised. 

[00 1 4] Moreover, in the manufacture technique of the semiconductor device of this invention, etching is performed also in a layer 

[ 1 st ] wiring layer so that the above-mentioned concavity may be formed. Principle explanatory drawing of this invention is 

shown in drawing 1 . Drawing shows the fundamental structure of the cross section of a semiconductor device. 

[0015] On the substrate 1 which prepared the layer insulation layer if needed, a base is almost flat, the 1st wiring layer 2 which 

formed the concavity 5 is formed in the front face, and the wrap insulating layer 3 is formed in the front face of the 1st wiring layer 

2 on it. tne breakthrough 4 adjusted with the concavity 5 is formed in an insulating layer 3, and the 2nd wiring layer 6 has 

connected with the front face of the concavity 5 of the 1 st wiring layer 2 through a breakthrough 4. 

[0016] After etching a breakthrough 4 into an insulating layer 3, the front face of the 1st wiring layer 2 also etches, and a 

concavity 5 is formed. 

[0017] 

[Function] By having prepared the concavity in the 1 st wiring layer, the contact area with the 2nd wiring layer increases the 1 st 
wiring layer in a contact hole rather than a proior art. For this reason, connection of both the wirings layer becomes certain and a 
defect decreases. Ellipsis of opening of a wine cut configuration can save occupancy area, and it contributes to high integration. 
[0018] * 

[Example] With reference to drawing 2 - view 4 , the manufacture technique's of the semiconductor device by the example of this 
invention is explained. In addition, in drawing 2 - view 4 , the device structure formed in a semiconductor substrate omits 
illustration. Moreover, there may be other device layers and wiring layers. 

[001 9] In drawing 2 , the insulating layer 1 1 by PSG (phosphorus glass) of 7000**- 1 micrometer thickness is formed on the 
semiconductor substrate 1 , and the 1 st wiring layer 2 by aluminum alloy or W alloy is formed on it. As a charge of aluminum alloy 
of this 1st wiring layer 2, aluminum-Si (Sil°/o inclusion), aluminum-Cu (Cu2% or 0.1% inclusion), Ti-aluminum, 
Ti-TiN-aluminum, Ti-TiW-aluminum, aluminum-Ti-Cu (Cu0.1% inclusion), etc. can be used. 

[0020] Although the thickness of the 1st wiring layer 2 is based on the modality of device formed in the bottom of it, in the case of 
an MOS transistor, it is formed by abbreviation 5000** **, for example, and, in the case of a bipolar transistor, is formed by the 
thickness of about 1 micrometer. 

[002 1 ] Furthermore, the 1 st wiring layer 1 1 and the layer insulation layer 3 of the thickness of the same grade are formed by PSG 
as well as an insulating layer 1 1 on the 1st wiring layer 2, and the laminating of the resist mask layer 8 is further carried out one 
by one by the thickness of about 0.5-2 micrometers on it. The opening pattern 7 of the diameter of 0.5-0.8 micrometer is formed 
in this resist mask layer 8. 

[0022] The layer insulation layer 3 is etched by the anisotropic etching by Freon system gas, the contact hole 9 of the diameter of 
the same is mostly opened with the opening pattern 7, using this resist mask layer 8 as an etching mask, and the 1 st wiring layer 2 
is exposed. This anisotropic etching is CF4 in the low vacuum which used reactive ion etching (RIE), for example, was 
decompressed to 0.2Torrs. CHF3 The etching gas mixed by the mole ratio of 1 : 1 is supplied, and it carries out by carrying out a 
high frequency discharge by about [ RF output 450-500 W ]. 

[0023] Next, a concavity 5 is formed in the front face of the 1 st wiring layer 2 in drawing 3 . Formation of a concavity 5 uses RIE 
or electron cyclotron resonance etching (efficient consumer response). C12 as etching gas BC13 as deposition gas SiC14 The 
configuration of a field where it is etched is controlled by changing the ratio of etching gas and deposition gas using mixed gas. 
[0024] When forming an almost perpendicular side attachment wall, the ratio of etching gas and deposition gas is made into the 
6:4th place, and it etches. When making a side attachment wall incline, the ratio of deposition gas is made to increase. For 
example, the ratio of etching gas and deposition gas is made into : (3 or less) (7 or more). 

[0025] For example, C12 BC13 In the case of mixed gas, it is C12. Content is lessened with 10 - 20%. SiC14 and BC13 If the 
deposition gas of a grade is made [ more ], control etching which suppressed the etch rate of the orientation of the side face will 
be performed, and the inclined side face will be acquired. 

[0026] The depth of a concavity 5 is controlled by laser EPD (End Point Detector), acting as the monitor of the amount of 
etching, and is made into about 1 of the thickness of the 1 st wiring layer 2 / four to 1 /3 with it. For example, the depth of about 
1500** is deleted. 

[0027] The inclination of a concavity 5 is C12. BC13 It is C12 at mixed gas. When content was made into 1 0 - 20% and a wiring 
material was aluminum-Si, it became about 30-45 degrees to the vertical line. In aluminum-Cu, it became the still big angle, and 
the inclination of gently-sloping Susono was made to the base. 

[0028] Next, after removing the resist layer 8, ion milling or a high frequency discharge removes the layers adhering to the 
contact hole 9 or the front face of a concavity 5, such as unnecessary deposition gas. And the 2nd wiring layer 6 is formed on it. 
[0029] After the 2nd electrode layer 6 carries out growth formation of an aluminum-Si alloy, Ti / aluminum-Cu (0.1 - 2%) alloy, 
Ti / aluminum-Si (1 %) alloy, or the W alloy by the spatter or CVD, patterning of it is carried out with the phot lithography 
according to the wiring pattern. 

[0030] The thickness of the 2nd wiring layer 6 is in the case of a bipolar transistor, for example, an abbreviation 8000** grade. In 
the case of an MOS transistor, it is an abbreviation 5000** grade. It is the same thickness, when it replaces with aluminum alloy 
and it uses W alloy. 

[003 1 ] In addition, although the case where an inclined plane was formed in a concavity 5 in the above-mentioned example was 
explained, when forming the 2nd wiring layer by the spatter by having considered as the ramp other than the touch-area expansion 
by the concavity 5, a material adheres better, and this becomes easy to grow, and improves coverage. 
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[0032] Of course, when forming a wiring layer by C VD, as shown in drawing 1 , even if it makes the side face of a concavity 5 
perpendicular, the effect of the enhancement in a reliability by expansion of a touch area is acquired. It cannot be overemphasized 
that a perpendicular and an inclined plane may be combined. 

[0033] Next, the cross-section structure of the semiconductor device by other examples of this invention is shown in drawing 5 . 
This is an example applicable to ESPER (Emitter Self-aligned with Poly-silicon Electrode Resister) etc. In addition, in drawing 5 
, the device fraction has omitted illustration. 

[0034] In drawing 5 , the 1st electrode pattern 10 (you may think that these are connected to the emitter of the transistor which is 
not illustrated, respectively, the base, and a collector, respectively) by aluminum alloy is formed on the PSG insulating layer 1 1 of 
the 1 st layer, and the same concavity as a previous example is prepared in the front face. Furthermore, the laminating of the layer 
2nd ] PSG layer 1 2 and the layer [ 3rd ] PSG layer 1 3 for a flattening is carried out one by one. 

[0035] In addition, the layer 14 between the 1st electrode layer 1 1 is a resin layer for a flattening. And the contact hole 15 is 
formed in the 3rd PSG layer 1 3, and the 2nd wiring layer 16 by aluminum alloy is formed there. 

[0036] Although this invention was explained in accordance with the example above, this invention is not restricted to these, for 
example, various change, enhancement, combination, etc. are possible - this contractor - obvious - it will be . 

[0037] ' . . 

[Effect of the Invention] According to this invention, as explained above, a concavity is prepared in a layer [ 1st ] wiring layer, it 
considers as a connection, and a layer [ 2nd ] wiring layer enters into the concavity of the layer [ 1 st ] wiring layer, by connecting 
both, the reliability of a layer [ 2nd ] wiring layer can be raised by increase of a touch area, and high-density-ization of a 
semiconductor device is promoted by decrement of an area required for a contact section creation. 



[Translation done.] 



3 of 3 



7/11/01 10.49 AM 



http://www4. ipdl. jpo. go. jp/cgi-bin/tran_web_cgi_ej je 



* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



Effect 



[Effect of the Invention] According to this invention, as explained above, a concavity is prepared in a layer [ 1st ] wiring layer, it 
considers as a connection, and a layer [ 2nd ] wiring layer enters into the concavity of the layer [ 1st ] wiring layer, by connecting 
both, the reliability of a layer [ 2nd ] wiring layer can be raised by increase of a touch area, and high-density-ization of a 
semiconductor device is promoted by decrement of an area required for a contact section creation. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In the proior art mentioned above, since the layer insulation layer 22 was etched into 
the wine cut configuration, a part for opening was extended greatly and the inclination was attached by isotropic etching, although 
the coverage and the adhesive power of the 2nd-layer wiring pattern 27 were secured, the opening dimension of the wine cut 
opening 25 on it becomes large rather than the opening dimension of the contact hole 26. 

[0009] The opening pattern of the contact hole actually made though for example, a resist pattern is designed by 0.8 micrometers 
spreads in about 1 .5 micrometers, and this serves as the failure of high integration. 

[0010] Therefore, if wiring width of face becomes narrow and a wiring density becomes high like [ in the case of 64MDRAM ], 
dimensional additional coverage to perform isotropic etching for adhesive power and a reliability improvement at the time of 
contact hole formation will be lost. If a contact is formed by force, the shortage of adhesive power will arise or a poor contact will 
be produced. 

[0011] Since it could not but come to enlarge width of face of the contact section of the 1 st layer and the 2nd-layer wiring in order 
to prevent these, there was a problem which is referred to as adding a limit to high-density-izing. 

[0012] It is in the purpose of this invention offering the semiconductor device which stopped the occupancy area of the contact 
section between vertical wiring patterns, and improved the reliability in the multilayer- interconnection structure of a 
semiconductor device, and its manufacture technique. 
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MEANS 



[Means for Solving the Problem] In the semiconductor device of this invention, a concavity is prepared in the 1 st wiring layer, it 
considers as a connection, the 2nd wiring layer enters into the concavity of the 1st wiring layer, and both are connected. By doing 
in this way, the contact area of the 1 st wiring layer and the 2nd wiring layer is expanded, and the reliability of a connection is 
raised. 

[0014] Moreover, in the manufacture technique of the semiconductor device of this invention, etching is performed also in a layer 

[ 1 st ] wiring layer so that the above-mentioned concavity may be formed. Principle explanatory drawing of this invention is 

shown in drawing 1 . Drawing shows the fundamental structure of the cross section of a semiconductor device. 

[00 1 5] On the substrate 1 which prepared the layer insulation layer if needed, a base is almost flat, the 1 st wiring layer 2 which 

formed the concavity 5 is formed in the front face, and the wrap insulating layer 3 is formed in the front face of the 1 st wiring layer 

2 on it. The breakthrough 4 adjusted with the concavity 5 is formed in an insulating layer 3, and the 2nd wiring layer 6 has 

connected with the front face of the concavity 5 of the 1 st wiring layer 2 through a breakthrough 4. 

[0016] After etching a breakthrough 4 into an insulating layer 3, the front face of the 1st wiring layer 2 also etches, and a 

concavity 5 is formed. 
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OPERATION 



[Function! By having prepared the concavity in the 1 st wiring layer, the contact area with the 2nd winng layer increases the 1 st 
wiring layer in a contact hole rather than a proior art. For this reason, connection of both the wirings layer becomes certain and a 
defect decreases Ellipsis of opening of a wine cut configuration can save occupancy area, and it contributes to high integration. 
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EXAMPLE 



[Example] With reference to drawing 2 - view 4 , the manufacture technique's of the semiconductor device by the example of this 
invention is explained. In addition, in drawing 2 - view 4 , the device structure formed in a semiconductor substrate omits 
illustration Moreover, there may be other device layers and wiring layers. 

[00191 In drawing! , the insulating layer 1 1 by PSG (phosphorus glass) of 7000**-lmicrometer thickness is formed on the 
semiconductor substrate 1 , and the 1 st wiring layer 2 by aluminum alloy or W alloy is formed on it. As a charge of aluminum alloy 
of this 1st wiring layer 2, aluminum-Si (Sil% inclusion), aluminum-Cu (Cu2% or 0. 1% inclusion), Ti-aluminum, 
Ti-TiN-alummtim,Ti-TiW-aluininum,aluminum-Ti-Cu(Cu0.1% inclusion), etc. can be used. 

r00201 Although the thickness of the 1st wiring layer 2 is based on the modality of device formed m the bottom of it, m the case ol 
an MOS transistor, it is formed by abbreviation 5000** **, for example, and, in the case of a bipolar transistor, is formed by the 
thickness of about 1 micrometer. 

r0021 1 Furthermore the 1 st wiring layer 1 1 and the layer insulation layer 3 of the thickness of the same grade are formed by PSG 
as well as an insulating layer 1 1 on the 1 st wiring layer 2, and the laminating of the resist mask layer 8 is ftirther earned out one 
by one by the thickness of about 0.5-2 micrometers on it. The opening pattern 7 of the diameter of 0.5-0.8 micrometer is formed 
in this resist mask layer 8. „ , ,. . 

r00221 The layer insulation layer 3 is etched by the anisotropic etching by Freon system gas, the contact hole 9 of the diameter ot 
the same is mostly opened with the opening pattern 7, using this resist mask layer 8 as an etching mask, and the st wiring layer 2 
is exposed This anisotropic etching is CF4 in the low vacuum which used reactive ion etching (RIE), for example, was 
decompressed to 0.2Torrs. CHF3 The etching gas mixed by the mole ratio of 1 : 1 is supplied, and it carries out by carrying out a 
high frequency discharge by about [ RF output 450-500W ]. 

r00231 Next a concavity 5 is formed in the front face of the 1 st wiring layer 2 in drawing 3 Formation ot a concav.^ 5 uses PJE 
or electron cyclotron resonance etching (efficient consumer response). C12 as etching gas BC13 as deposition gas SiC14 The 
configuration of a field where it is etched is controlled by changing the ratio of etching gas and deposition gas using mixed gas. 
r0024] When forming an almost perpendicular side attachment wall, the ratio of etching gas and deposition gas is made into the 
6:4th place, and it etches. When making a side attachment wall incline, the ratio of deposition gas is made to increase. For 
example, the ratio ofetching gas and deposition gas is made into: (3 or less) (7 or more) Aon nwu 
[00251 For example, C12 BC13 In the case of mixed gas, it is C12. Content is lessened with 10 - 20%. SiC14 and I BC13 II the 
deposition gas of a grade is made [ more ], control etching which suppressed the etch rate of the onentation of the side face will 
be performed, and the inclined side face will be acquired. .... t * 

[00261 The depth of a concavity 5 is controlled by laser EPD (End Point Detector), acting as the monitor of the amount of 
etching, and is made into about 1 of the thickness of the 1st wiring layer 2 / four to 1/3 with it. For example, the depth of about 

1 500 ** is deleted • • 

r00271 The inclination of a concavity 5 is C12. BC13 It is C12 at mixed gas. When content was made into 10 - 20% and a wiring 
material was aluminum-Si, it became about 30-45 degrees to the vertical line. In aluminum-Cu, it became the still big angle, and 
the inclination of gently-sloping Susono was made to the base. 

[00281 Next 'after removing the resist layer 8, ion milling or a high frequency discharge removes the layers adhering to the 
contact hole 9 or the front face of a concavity 5, such as unnecessary deposition gas. And the 2nd wiring layer 6 is formed on ,t. 
[00291 After the 2nd electrode layer 6 carries out growth formation of an aluminum-Si alloy, Ti / aluminum-Cu (0.1 - 2/o) alloy, 
Ti / aluminum-Si (1%) alloy, or the W alloy by the spatter or CVD, patterning of it is earned out with the phot lithography 

according to the wiring pattern. ,, ., 0 „ mM , T „ 

[00301 The thickness of the 2nd wiring layer 6 is in the case of a bipolar transistor, for example, an abbreviation 8000** grade. In 
the case of an MOS transistor, it is an abbreviation 5000** grade. It is the same thickness, when it replaces with aluminum alloy 

and it uses W alloy. . , , , 

[003 1 1 In addition although the case where an inclined plane was formed in a concavity 5 in the above-mentioned example was 
explained, when forming the 2nd wiring layer by the spatter by having considered as the ramp other than the touch-area expansion 
bv the concavity 5, a material adheres better, and this becomes easy to grow, and improves coverage. 

[00321 Of course, when forming a wiring layer by CVD, as shown in drawingl , even if it makes the side face of a concavity 5 
perpendicular, the effect of the enhancement in a reliability by expansion of a touch area is acquired. It cannot be overemphasized 
that a perpendicular and an inclined plane may be combined. 
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[0033] Next, the cross-section structure of the semiconductor device by other examples of this invention is shown in drawing 5 . 
This is an example applicable to ESPER (Emitter Self-aligned with Poly-silicon Electrode Resister) etc. In addition, in drawing 5 
, the device fraction has omitted illustration. 

[0034] In drawing 5 , the 1 st electrode pattern 1 0 (you may think that these are connected to the emitter of the transistor which is 
not illustrated, respectively, the base, and a collector, respectively) by aluminum alloy is formed on the PSG insulating layer 1 1 of 
the 1st layer, and the same concavity as a previous example is prepared in the front face. Furthermore, the laminating of the layer 
2nd ] PSG layer 1 2 and the layer [ 3rd ] PSG layer 1 3 for a flattening is earned out one by one. 

[0035] In addition, the layer 14 between the 1st electrode layer 1 1 is a resin layer for a flattening. And the contact hole 15 is 
formed in the 3rd PSG layer 13, and the 2nd wiring layer 16 by aluminum alloy is formed there. 

[0036] Although this invention was explained in accordance with the example above, this invention is not restricted to these, for 
example, various change, enhancement, combination, etc. are possible -- this contractor - obvious - it will be . 
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